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157] ABSTRACT

An optical scanner has a light distributor rotating about
an axis spaced from but parallel to the optical axis of at
light source. Lenses are mounted on a carrier that ro-
tates about the optical axis. The distributor and carrier
rotate a the same angular velocity and are arranged so
that the lens and associated distributor move across the
media at the same time. By rotating the lens about the
optical axis, the scanning beam remains in the central
zone of the lens as it passes across the media.

18 Claims, 6 Drawing Sheets
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1
OPTICAL SCANNER

BACKGROUND OF THE INVENTION

This application is a continuation-in-part of applica-
tion Ser. No. 07/388,376 filed on Aug. 2, 1989.

The present invention relates to an optical scanning
device. |

Optical scanners are used in a wide variety of applica-
tions to convert information that appears as changes in
light intensity into electrical signals and vice versa. The
information may be in analogue form but one of the
most demanding applications is the recordal and re-
trieval of digital data.

The recording and retrieval of data on an optical
media in digital form provides significant advantages in
terms of data storage density, permanence and retriev-
ability. The most common form of data storage using
digital optical recording techniques utilizes a record
media in the form of a disk that is rotated beneath an
optical head to record and/or read data on the media.
This arrangement has enjoyed considerable success,
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particularly in the audio field, but does pose limitations

in terms of the media format.

An alternate format that offers significant advantages
in certain application areas is a card format in which the
media is held stationery and the optical beam reading
the media is moved or scanned across the media. This
allows different formats and stzes of media to be used,
most conveniently a format corresponding to that of the
popular size of credit card.

Similarly, a continuous tape offers advantages in cer-
tain applications such as archival recording and very
high data storage capabilities.

In order to attain high data rates and data densities, it
is preferable to utilize a rotatable scanner that causes an
optical beam to translate relative to the record to read
and record data. Such devices are disclosed in U.S. Pat.
No. 3,501,586 issued Mar. 17, 1978; U.S. Pat. No.
3,624,284 issued Nov. 30, 1971; and U.S. Pat. No.
3,795,902 issued Mar. 5, 1974 all to Russell. In German
Offenlegungshrift DOS 2,022,265 1ssued Nov. 18, 1971
published to Siemens, a scanning device is disclosed that
utilizes a multi-faceted pyramid rotated about its central
axis that serves to displace radially a light beam to an
objective lens to scan a media. The device disclosed 1n
this patent provides a simple yet effective distnbution
apparatus but as higher data density is required, con-
flicting mechanical and optical requirements introduce
undesirable error in the scanning process. As the planar
facet of the pyramid rotates, the point of impingement
of the light beam on the face of the pyramid varies,
causing the optical axis of the light beam to move across
the aperture of the objective lens. This causes the beam
to illuminate the outer zone of the lens during part of
the scan with a resultant loss in quality of the optical
system. |

U.S. Pat. No. 4,163,600 issued Aug. 7, 1979 to Russell
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and data rates required for optical storage devices, a
simpler approach is preferable.

It is therefore an object of the present invention to
provide an optical scanning device in which the above
disadvantages are obviated or mitigated.

SUMMARY OF THE INVENTION

According the present invention there is provided a
rotary optical scanning device to cause a light beam to
scan a media comprising a light source to project said
beam along an optical axis, and impinge on a distributor,
the distributor displacing radially the beam from said
first optical axis and projecting the beam along a second
optical axis substantially paralle! to said first optical
axis, a carrier having an optical element mounted
thereon to receive said beam from said distributor and
to control impingement of said beam on said media, said
carrier being rotatable about an axis coincident with
said first optical axis and said distributor being rotatable
about an axis displaced from said optical axis and means
to maintain said optical element coincident with said
second optical axis as said carrier and distributor rotate
and move said light beam across said media.

By separating the axis of rotation of the carrier and
the light distributor, the optical element, typically a

- lens, mounted on the carrier may rotate about the opti-
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addresses these problems by introducing a back angle

between the light beam and the pyramidal mirror that
reduces movement of the light beam across the objec-
- tive lens. A further approach to reducing the movement
of the optical axis relative to the lens is shown in co-
pending application Ser. No. 162,299 now U.S. Pat. No.
4,861,144 in which a field correction lens is used to
generate a virtual image co-incident with the axis of
rotation of the scanner. Each of these proposals does
produce benefits but nevertheless at the high density

65

cal axis of the light beam and so is always illuminated by
the optical beam in its central zone. Movement of the
beam across the lens is minimized.

It is preferred that multiple distributors and optical
elements are utilized to provide successive scans of the
media as the scanner rotates through 360 degrees.

'BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described
by way of example only with reference to the accompa-
nying drawings in which

FIG. 1 is a sectional view of a optical scanner.

FIG. 2 is a plan view of the device shown 1n FIG. 1
taken on the line 2—2.

FIG. 3 is a schematic representation of a portion of
the device shown in FIG. 2 showing alternative posi-
tions of the elements during movement of the scanner.

FIG. 4 is a perspective view of the elements shown 1n
F1G. 3 showing alternative light transmission paths.

FIG. 5 is a view similar to FIG. 4 showing an alterna-
tive embodiment of the elements shown in FIG. 4.

FIG. 6 is a schematic representation of an alternative
form of scanner.

FIG. 7 is a sectional elevation of a yet further em-
bodiment of the scanner.

FIG. 8 is a schematic plan view of FIG. 7.

DETAILED DESCRIPTION

Referring therefore to FIG. 1, an optical scanner
generally designated 10 includes a housing 12 with a
support frame 14 extending between the side walls of
the housing 12. The housing 12 includes an upper clo-
sure member 16 that carries a card transport mechanism
generally indicated at 18. As shown in FIG. 1, the card
transport mechanism 18 is designed to accomodate an
optically recordable and readable card 20 and is sup-
ported in the transport mechanism 18 for incremental
movement in the direction indicated by arrow A. The
location of the card 20 is monitored by a position en-
coder 22. The specific details of the card transport
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mechanism do not form part of the present invention
and will therefore not be described further.

The frame 14 rotatably supports an optical beam
distribution assembly generally designated 26 through

bearings 24. The assembly 26 comprises a central hub 28
having a spindle 30 receive the bearings 24 so as to be

rotatable about an axis 32. The distributor assembly 26
further comprises upper and lower spaced disk mem-
bers 34,36 respectively, mounted on opposite sides of
the hub 28. The lower disk member 36 has an upturned
peripheral flange 38 extending to the upper disk mem-
ber 34. Disk member 34 has four notches 40 uniformly
distributed around its periphery and the lower disk
member 36 includes a central aperture 42 co-axial with
the hub 28 so that the lower disk member 36 is in fact
supported by the upper disk member 34.

The disk assembly 26 is rotated by a motor 44 dis-
posed between the frame 14 and the upper disk member
34. The motor 44 includes a winding assembly 46 se-
cured to the frame 14 and a magnetic core 48 secured to
an upstanding annular flange 50 on the upper surface of
the disk member 34. A radial extending encoder disk 52
is secured to the flange 50 and co-operates with a detec-
tor assembly 54 to monitor the rotation of the disk as-
sembly 26 relative to the frame 14.

The frame 14 also rotatably supports on bearings 60 a
circular carrier assembly indicated generally at 62. The
carrier assembly 62 includes a downwardly-projecting
annular shoulder 63 engaging the bearing 60 to locate
the assembly 62 for rotation about an axis 64. Located
within the shoulder 63 is the secondary winding 67 of a
rotary transformer generally indicated at 68. The pri-
mary winding 70 is located on the frame 14. An opto-
electric coupling 72 is located at the centre of the pri-
mary and secondary windings 70, 67 respectively on the
axis 64. The rotary transformer 68 permits power to be
transferred from the stationery frame 14 into the rotat-
ing carrier assembly 62 and similarly the opto electric
coupling 72 permits data to be transferred between the
stationery and rotating components.

Rotation of the disk assembly 62 is provided by a
motor 74 with the windings 76 located on the frame 14
and the magnetic core 78 secured to the disk assembly
62. Rotational control of the disk assembly 62 is pro-
vided by an encoder ring 80 secured to the disk assem-
bly 62 and a detector assembly 82 secured on the frame
14. |

A cavity 84 of rectangular cross-section is formed on
the periphery of the disk assembly 62 with spaced upper
and lower surfaces 86,88 respectively. Aligned aper-
tures 90,92 are formed in the upper and lower surfaces
86,88. A lens 94 is mounted by means of a focusing
servo 96 in the aperture 90 and is movable in a direction
normal to the plane of the disk assembly 62 to effect
focusing on the card 20 in response to data signals pro-
vided through the opto-electric link 72. |

The lens 94 receives light from one of four distribu-
tors 100 mounted on the distributor assembly 26 and
uniformly distributed about the assembly 26 at 90 de-

gree intervals. Each distributor 100 comprises a pair of 60

planar mirrors 102,104 that are arranged parallel to one
another and are disposed 45 degrees to the axis of rota-
tion 32 of the distributor 26. A coherent light beam is
provided to the distributor 100 from a laser diode 106
that emits a light beam indicated at 108 and passes
through a columnating lens 110 and beam splitter 112 to
a galvanometer mirror 114. The galvanometer mirror
114 is disposed at 45 degrees to the axis of rotation 64 of
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the carrier 62 and is rotatable about an axis orthoganal
to the axis 64. The optical beam 108 is thus reflected by
the mirror 114 along an optical axis co-incident with the
axis of rotation 64 of the carrier 62 and onto the mirror

104. Light reflected from the record 20 is received at a
photo detector 116 that converts the light signal into an

electrical signal. The detector 116 also provides a track-
ing signal to a servo motor 118 that controls movement
of the galvanometer mirror 114 to effect tracking of the
light beam 108 on the record 20.

In operation, the distributor assembly 26 and carrier
assembly 62 are rotated about their respective axes
32,64 by motors 44,74 respectively. The rotation is con-
trolled by means of the encoders 52,80 and their respec-
tive pickups 54,82 so that they rotate at the same angu-
lar velocity. Comparison of the outputs of pickups 54,82
provide an error signal that is used to adjust the rotation
of one of the assemblies and maintain it in synchronism

~ with the other assembly both as to relative velocities
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63

and position.

As may best be seen in FIG. 2, the distributor assem-
bly 26 and carrier assembly 62 are arranged so that over
an arc of rotation indicated by the arc “S” in FIG. 3, the
aperture 92 in the carrier assembly 62 overlies the aper-
ture 40 in the distributor assembly 26. In the embodi-
ment shown, the arc “S” subtends an angle of approxi-
mately 60 degrees although this may vary according to
application. Over the arc “S”, the mirror 104 and lens
94 are thus aligned so that light reflected from the mir-
ror 102 passes through the lens 94 onto the record 20. In
order to record data on the record 20, assuming it 1s a
recordable media, the laser 106 is modulated by a digital
data stream and a correspondingly modulated optical
beam passes through the lens 110 and beam sphitter 112
to be reflected by the galvanometer mirror 114 along
the optical axis co-incident with the axis 64. The optical
beam is reflected and radially displaced by the mirror
104 in the distributor 100 and is subsequently reflected
by the mirror 102 along an optical axis radially spaced
but parallel to the axis 64. The optical beam passes
through the aperture 40 in the distributor assembly 26
and aperture 92 in the carrier assembly 62 to impinge on
the lens 94 and be focused onto the record 20. As the
beam moves across the record 20 due to rotation of the
distributor 100 and lens 94, the incident radiation modu-
lates the light-sensitive record 20 to record 1n an arcuate
track a digital data stream corresponding to that pro-
vided to the laser 106.

In order to read data from the record 20, the laser 106
maintains a continuous light beam which is fed along
the same optical path to illuminate the surface of the
record 20. The digital data recorded on the record 20 as
reflective and non-reflective areas modulates the light
beam which passes back along the same optical path to
be diverted by the beam splitter 112 into the detector
116. The detector 116 converts the modulated light
beam into an electrical signal to reconstruct the data
recorded on the record 20.

The position of the carrier 62 relative to the distribu-
tor assembly 26 ensures that the light beam incident on
the lens 94 remains in the central zone of the lens 94 as
it passes through the arc “S”. As may be seen mn FIGS.
3 and 4, the distributor 100 provides a pair of spaced
parallel reflective surfaces and it is characteristic of
such an arrangement that a displacement of a light
source relative to one surface results in a corresponding
and equal displacement of the optical beam reflected by
the other surface. Thus, as shown in FIG. 4, a lateral
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displacement dS; of thé optical beam relative to the
mirror 104 produces a corresponding lateral displace-
ment dS; at the mirror 102. As the mirror 104 rotates
with the hub 28 of the carrier assembly 26, the optical
beam progressively moves across the mirror 104 with a
corresponding displacement of the optical beam relative
to the mirror 102. If, as shown in the prior art referred
to above, the lens 94 rotates about the same axis as the
distributor 26, a similar lateral displacement of the beam
relative to the lens 94 would occur, resulting in the
periphery of the lens 94 being illuminated. By contrast,
in the arrangement described in FIGS. 1-4, the lens
carrier 62 is caused to rotate about the axis 64 which 1s
co-incident with the optical axis of the light beam co-
incident on the mirror 104. As such, the optical beam
108 originates at the centre of rotation of the lens 94 and
is substantially co-incident over the arc “S” with the
central zone of the lens 94. By virtue of the complemen-
tary lateral displacements of the beam 108 by the muir-
rors 104,102, the optical axis of the beam 108 that im-
pinges on the lens 104 remains at the axis of rotation 64
of the carrier assembly 62 and thereby remains substan-
tially constant within the centre of the lens 94. The
optical beam therefore traces an arcuate path across the
surface of the record 20 with successive lenses 94 gener-
ating successive arcs. The card 20 is moved incremen-
tally between successive passes of the lenses 94 to aliow
for separation of the data tracks.

The focusing of the beam 108 on the record 20 1s
provided by the focusing actuator 96 that utilizes con-
trol signals derived from the detector 116 in conven-
tional manner and provided through the opto-electric
coupler.72. Similarly, the tracking of beam 108 across
~ the surface of the card 20 may be adjusted by the galva-
nometer mirror 114 operating through the servo motor
118 from control signals derived from the detector 116.
Rotation of the mirror 114 changes the angle of inci-
dence of the optical axis on the mirror 104 and produces
a corresponding inclination of the beam 108 to the lens
94 which causes radial displacement of the focal point
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of the beam relative to lens 94 and record 20. This per-

mits adjustment of the beam to compensate for varia-
tions between cards and their mounting within the
transport mechanism 18. Such displacement 1s also con-
stant relative to the card over the scan of the beam 108
to simplify tracking. As an alternative to the tracking
mirror 114, it is possible to control both focus and track-
ing through actuator 96 which would tilt lens 94 to
move radially the focal point of the beam 108.

Similarly, the tracking signal could be provided by a
beam splitter located on the carrier in the path of the
beam 108 and associated detector to measure the energy
distribution of the beam 108 and adjust its position ac-
cordingly. ‘,

It will be seen, therefore, that providing the carrer
assembly 62 with an axis of rotation co-incident with the
optical axis and displaced from the axis of rotation of
the distributor 26 a simple yet effective mechanism is
provided which maintains the optical beam in the cen-
tral zone of the lens 94 as the assembly passes through
the scanning arc.

It will be apparent that alternative arrangements may
be provided for the distributor 100 and in particular the
pair of mirrors 102,104 may be replaced by a parallel-
piped prism 120 as shown in FIG. § with inclined end
faces 122,124 to deflect the beam 108. Moreover, such a
prism could be formed as an integrally molded spider
with four or more arms to reduce the manufacturing
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costs of the assembly. An alternative arrangement of
scanner is shown in FIG. 6 in which light components
have been identified with light reference numerals with
the suffix “a” added for clarity.

In the embodiment of FIG. 6, the mirrors 102,104 are
replaced with holograms 102a,104¢ disposed 45 degrees
to the incident light beam 108a. An optical path equiva-
lent to that obtained with the mirrors 102,104 1s pro-
duced to maintain illumination of the lens 94a.

The use of holographic transmissive elements leads to
a slight reduction in the energy transmission but does
make the device more tolerant to minor misalignments
during manufacture.

A further embodiment of the scanner is shown in
FIGS. 7 and 8 in which a single motor is used and the
carrier and distributor are interconnected by mechani-
cal linkage. In the embodiment of FIGS. 7 and 8, hous-
ing 200 has a partition 202 to support a motor assembly
204. The motor assembly includes a stator 206 sup-
ported on the partition 202. Rotor 208 of the motor 204
is supported in bearings 210 on the partition 202 and has
a spindle 212 projecting through the partition for en-
gagement with the hub 214 of the carrier 216. Carrier
216 is similar to that described in our copending applica-
tion Ser. No. 07/440,695 in which full details of the
operation of the carrier 216 is described. A detailed
description of the carrier is contained in the prior appli-
cation, the details of which are incorporated herein by
reference. The carrier 216 includes a plurality of lens
carriers 218 distributed uniformly about the circumfer-
ence of the carrier and each connected to the hub 214
by a pair of suspension arms 220. The arms 220 allow
limited flexure in the vertical direction but are bifur-
cated to resist torsional deflection about the hub. As
more fully described in the prior application, vertical
movement of the lens carrier 218 is controlled by means
of a coil 222 extending around the periphery of the
carrier and co-operating with magnetic elements 224
mounted on the lens carrier 218. Variations 1n the cur-
rent supplied to the coil 222 causes vertical movement
of the carrier 218 to adjust the position of the carrier
along the axis of rotation of the carrier. Carrier 218
supports a lens element 226 which causes impingement
of the optical beam on the card 228. The details of the
card transport mechanism are omitted from FIG. 7 for
clarity.

Distributor assembly 230 is rotatably mounted in the
housing 200 by means of bearings 232. An optical head
234 containing a light source and tracking elements is
mounted on the housing 200 and directs a light beam at
the first of the pair of inclined mirrors 236,238 carried
by the distributor assembly 230.

To maintain the distributor 230 and carrier 216 in
unison, a mechanical linkage generally indicated at 240
extends between the rotor 208 and the distnbutor as-
sembly 230. As can best be seen in FIG. 8, the mechani-
cal linkage 240 includes four bars 242, each pivotally
connected at one end to the rotor 208 and at the oppo-
site end to the distributor 230. The connections are by
means of pins 244 received in pre-loaded bearings 246.
The pivotal connection of the links 242 to the rotor 208
is arranged to be equidistant from the axis of rotation of
the rotor 208 and uniformly spaced about that axis.
Similarly, the connections of the links 242 to the distrib-
utor are also equidistant from the axis of rotation of the
distributor and also uniformly spaced about the axis.
The length of the links 242 therefore corresponds to the
offset between the axis of rotation of the carrier and
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distributor. As can be seen in FIG. 8, the links 242 are
arranged in the sectors between the optical path of the
mirror pairs of the distributor so that they do not inter-
fere with the optical system.

The links 242 ensure that upon rotation of the rotor
208, a conjoint rotation of the distributor 230 occurs.
The pre-loaded bearings 246 minimize any play in the
links 242 and a consideration of the locus of the attach-
ment points during one full rotation will show that the
links 242 remain parallel to one another and maintain
their orientation relative to the housing so that torsional
loads are not imposed on the distributor or carrier due
to partial rotation of the links 242. Moreover, the inertia
loads in the direction of the link caused by the reversal
of the direction of translation are cancelled due to the
symmetry of the links to minimize vibration between
the two components.

It will be seen, therefore, that the links 242 maintain
the lens and the optical beam in alignment over the
length of the scan and that the links provide a very
simple, efficient and inexpensive mechanism to provide
the conjoint rotation required between the carrier and
the distributor. Moreover, the arrangement of motor
disposed between the carrier and distributor provides a
space-efficient arrangement for all the components of
the scanner and the disposition of the links between the
optical elements further maintains the overall height of
the scanner within the required envelope.

I claim:

1. A rotary optical scanner to cause a light beam to
scan a media comprising a light source to project said
beam along a first optical axis and impinge on a distribu-
tor, rotatable about an axis displaced from the first opti-
cal axis, said distributor displacing radially said beam
from said first optical axis and projecting the beam
along a second optical axis substantially parallel to said
first optical axis, a carrier rotatable about an axis coinci-
dent with the first optical axis and having an optical
element mounted thereon to receive said beam from
said distributor and to control impingement of said
beam on said media, and having link means intercon-
necting the carrier and distributor and operable to main-
tain said optical element coincident with said second
optical axis as said carrier and distributor rotate and
move said light beam across said media.

2. A scanner according to claim 1 wherein the axes of
rotation of said carrier and said distributor are parallel.

3. A scanning device according to claim 2 wherein
said distributor includes a pair of radially spaced light
deflection means arrange so that a displacement of said
first optical axis relative to one of said light deflection
means causes a corresponding and equal displacement
of said second optical axis relative to the other of said
light deflection means.

4. A scanning device according to claim 3 wherein
said carrier and distributor rotate with a common angu-
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8

lar velocity to maintain said second optical axis coinci-
dent with said optical element.

5. A scanning device according to claim 4 wherein
said pair of light deflection means are planar reflective

surfaces.
6. A scanning device according to claim § wherein

said planar surfaces are inclined end faces of a parallelo-
piped prism.

7. A scanning device according to claim 5 wherein
said planar surfaces are mirrors.

8. A scanning device according to claim 4 wherein
said light deflecting means are holograms.

9. A scanner according to claim 4 wherein said link
means includes a plurality of links, each having one end
connected for rotation with said carrier and one end
connected for rotation with said distributor, the connec-
tions of said links being uniformly distributed about the
respective axes of rotation of said distributor and car-
rier.

10. A scanner according to claim 9 wherein a motor
is located between said carrier and distributor, the
motor having a rotor connected to one of said carrier
and distributor and said rotor being connected to the
other of said carrier and distributor by said link means.

11. A scanner according to claim 10 wherein said
carrier 1s connected directly to said rotor and said dis-
tributor is connected by said links to said rotor.

12. A scanner according to claim 11 wherein a plural-
ity of optical elements are uniformly distributed about
said carrier and a distributor is associated with each of
said elements, one of said links being located between
each adjacent pair of distnibutors.

13. A scanning device according to claim 3 including
light beam displacement means located between said
source and said distributor and operable to adjust the
impingement of said beam on said first deflection means
and thereby adjust the radial position of the light beam
on said media to effect tracking of said beam on said
media.

14. A scanning device according to claim 13 wherein
said pair of light deflection means are planar reflective
surfaces.

15. A scanning device according to claim 13 wherein
said optical element is adjustably positioned on said
carrier to control focusing of said beam on said media.

16. A scanning device according to claim 15 wherein
the position of said optical element 1s controlled by an
actuator and control signals for said actuator are trans-
mitted to said carrier by an opto-electronic link posi-
tioned on the axis of rotation of said carrier.

17. A scanning device according to claim 15 wherein
said distributors are integrally formed as a common
unit.

18. A scanning device according to claim 1 wherein a
plurality of optical elements are uniformly distributed
about the carrier ‘and a distributor is associated with

each of said elements.
* %X x %k %
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